Abstract. The paper presents the method of heat transfer coefficient determination for boiling research during FC-72 flow in the minichannels, each 1.7 mm deep, 24 mm wide and 360 mm long. The heating element was the thin foil, enhanced on the side which comes into contact with fluid in the minichannels. Local values of the heat transfer coefficient were calculated from the Robin boundary condition. The foil temperature distribution and the derivative of the foil temperature were obtained by solving the two-dimensional inverse heat conduction problem, due to measurements obtained by IRT. Calculations was carried out by the method based on the approximation of the solution of the problem using a linear combination of Trefftz functions. The basic property of this functions is they satisfy the governing equation. Unknown coefficients of linear combination of Trefftz functions are calculated from the minimization of the functional that expresses the mean square error of the approximate solution on the boundary. The results presented as IR thermographs, two-phase flow structure images and the heat transfer coefficient as a function of the distance from the channel inlet, were analyzed.
Introduction
Boiling heat transfer during fluid flow in minichannels is process, which it exploited the latent heat of vapourization. Due to using flow boiling process, it is possible to remove more amounts of thermal energy than in single-phase flow. Flow boiling heat transfer is often used as cooling devices or compact heat exchangers. Channels of small dimensions ensure a greater contact surface in compact heat exchangers. It also enabled work under high pressure [1] . Process of flow boiling in small channel was susceptible for various kinds of instability than in traditional size channels. In [2] the two-phase flow instability of nanofluids in a minichannel have been presented.
In literature different classifications of small channels can be found. One of the most popular it was the classification proposed by Kandlikar [3] , based on hydraulic diameter of channels. According to this classification microchannels have hydraulic diameter d h : 10 μm ≤ d h ≤ 200 μm, minichannels: 200 μm ≤ d h ≤ 3 mm and conventional channels d h > 3 mm. Another classification was presented by Shah, who divides channels in compact heat exchangers according to their hydraulic diameter into two groups: conventional channels (d h > 6 mm) and minichannels (d h < 6 mm) [4] . This paper presents calculations of local heat transfer coefficients between the heated foil and the cooling liquid FC-72 flowing in a vertical minichannel, by means of the Trefftz method. This method was proposed in 1926 by E. Trefftz [5] . The Trefftz method involves approximating the solution of a problem using a linear combination of Trefftz functions. This functions strictly satisfy the governing differential equation. Additional information on the Trefftz method can be found in [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
Experiment

Experimental stand
Experimental stand consists of several systems: the flow loop with FC-72 as a working fluid, the supply and control system, the data and image acquisition system and the lighting system. Figure 1 presents the flow loop of the experimental stand. The main elements of the this loop are: a rotary pump, a heat exchanger, a compensating tank, rotameters, a filter, and a deaerator. The data and image acquisition system consists with: a digital camera, an infrared camera, a data acquisition station, a computer with special software, and lighting systems. Experimental stand are discussed in detail in [19] [20] [21] . 
The testing module
The testing module consists of two parallel rectangular, vertically-oriented minichannels, each 1.7 mm deep, 24 mm wide and 360 mm long, figure 2. The heating element for FC-72 flowing in each minichannel (1) is the thin foil (2). It is possible to measure the two-dimensional temperature distribution of the heating foil in each minichannel by two contactless temperature methods, separately. In one minichannel the foil temperature is obtained by applying infrared thermography (IRT minichannel), in the other minichannel -by using liquid crystal thermography (LCT minichannel). In this study only data for IRT minichannel are taken account. In the IRT minichannel, the outer surface of the foil is coated with black paint (3) to gain an emissivity of 0.83 [22] . Foil temperature is measured by IR camera in the central, axially symmetric, part of the channel (approx. 10 mm x 350 mm). The IRT channel is reinforced on both sides with glass panels to prevent the heating foil from deforming. The other side of the minichannel is observed through the glass pane (4). In this channel occur a twophase flow during increasing the heat flux supplied to the foil. K-type thermocouples (7) and pressure converters are installed at the inlet and outlet of the minichannel. 
Experimental methodology
During experimental series, there is a laminar flow of FC-72 in the minichannel. When the desired pressure and flow rate are reached, there is a gradual increase in the electric power supplied to the heating foil followed by an increase in the heat flux transferred to the fluid in the channel. Data for four settings of the increasing heat flux supplied to the foil are analysed.
Experimental uncertainties
The images taken with a FLIR SC640 infrared camera system operating in the spectral range from 7.5 μm to 13 μm were recorded in a digital system with an image frequency of 30 Hz. The accuracy of the camera is assumed as ± 2% of reading [23] .The mean error in the measurement of the heating foil temperature using infrared thermography was estimated as 0.50 K.
Local heat transfer coefficient determination
The local heat transfer coefficients were calculated from the following formula:
where λ í coefficient of thermal conductivity of the foil, δ í foil thickness, T í foil temperature, T f (x) -fluid temperature determined on the basis of the linear distribution of fluid temperature along the length of the minichannel from the inlet to the outlet. The foil temperature T was determined by solving the inverse problem [24] [25] [26] [27] [28] of the heat transfer in the heating foil.
The foil temperature T satisfies Poisson's equation:
where
L -length of the minichannel and λ , δ defined as for Eq.(1).
The volumetric heat flux In domain Ω , the temperature T was approximated by means of the linear combination of Trefftz functions:
where:
The unknown coefficients i a were calculated by minimizing the functional: 
Results
Figure 4a shows the infrared thermographs of the complete experimental series. Four heat flux settings were selected for further analysis. Figure 4b ,c shows the data for these settings in the form of IR thermograms of the heating foil surface and two-phase flow images, respectively. Heat transfer processes were analysed using the experimental data -the temperature of the heating foil, two-phase flow structure images, the temperature of the working fluid, the pressure in the channel -and the plots of the heat transfer coefficients (figure 5) as a function of the distance from the minichannel inlet. The heat transfer coefficients calculated using the two-dimensional model were discussed. The calculation results were presented for four settings of the increasing heat flux supplied to the heating foil. .
In 2D approach, for approximation of the foil temperature, 12 Trefftz functions defined by the following formulas were used [12] : 
was accepted.
The IRT temperature measurements allowed determining the foil temperature over the entire minichannel length, which was not the case in the authors' earlier works [20, 21, 30, 31] , where temperatures were measured using liquid crystal thermography (LCT) limited by the active band of the liquid crystal mixture.
The values of local heat transfer coefficients (see figure 5) indicate their rapid increase in the boiling region. Increasing values of the vapour quality were usually obtained by increasing the applied heat flux. Local vapour quality increases with increasing distance from the minichannel inlet [20] . The highest heat transfer coefficient for all heat flux settings was achieved at the minichannel outlet for which vapour quality was the highest. This observation is consistent with some of the findings by other researchers [32, 33] but not with the previous research results reported by the authors of this paper. The onset of boiling was accompanied by a sharp increase in the heat transfer coefficient. In fully developed nucleate boiling, the heat transfer coefficient was the highest but then it decreased sharply with an increase in the vapour quality. Very high values of the local heat transfer coefficient at the minichannel outlet were typically determined for the saturated boiling region. In the subcooled boiling region, significantly lower heat transfer coefficients were obtained [20, 21, 30] . In the present study, for the experimental data, a sharp increase in heat transfer coefficient was observed at the distance of 0.25 m to 0.35 m from the minichannel inlet, but the experimental data do not indicate that the saturated boiling region developed (except the narrow region near the minichannel outlet). However, the analysed region overlapped with the area where an increase in the number and size of the generated bubbles was detected (see figure 4c) . Furthermore, no 'nucleation hysteresis' was observed while increasing the heat flux to the heating foil. It is known that under certain conditions, a considerable rise in the wall temperature can occur above the saturation point before the boiling begins. This "temperature overshoot" also referred to as "superheated excursion" or "nucleation hysteresis" is characteristic for highly wetting dielectric fluids (e. g. refrigerants) [33] [34] [35] [36] [37] [38] . The nucleation hysteresis is mainly due to the local distribution of nucleation sites and the wetting characteristics of the used refrigerant [33] . The abrupt decrease in heating surface temperature results from the vapor bubbles spontaneous formation in the wall adjacent layer. They function as internal heat sinks, absorbing significant amount of energy transferred to the liquid [35] [36] [37] [38] .
The untypical heat transfer coefficient plot and the fact that 'nucleation hysteresis' did not occur may have been due to large pressure fluctuations recorded for the increasing heat flux. During the experimental series, extremely large pressure fluctuations were measured at the outlet of the channel. Increasing local pressure may have caused disturbance and turbulent flow. This probably increased the local bulk fluid temperature, resulting in high local heat transfer coefficients at the outlet of the minichannel. 
Conclusions
The paper presents the method of heat transfer coefficient determination for boiling research during FC-72 flow in a minichannel. Local values of the heat transfer coefficient were calculated from the Robin boundary condition. The foil temperature distribution and the derivative of the foil temperature were obtained by solving the twodimensional inverse heat conduction problem, due to measurements obtained by infrared thermography. Calculations was carried out by the method based on the approximation of the solution of the problem using a linear combination of Trefftz functions.
The results were presented as IR thermographs and two-phase flow structure images. The heat transfer coefficient were given as a function of the distance from the channel inlet. The phenomenon of "nucleation hysteresis" was not observed. Local heat transfer coefficients increased rapidly in the developed boiling region. The greatest value of the coefficients was achieved at the minichannel outlet for all heat flux settings under analysis. Large pressure fluctuations recorded while increasing the heat flux may have been a factor in the non-occurrence of "nucleation hysteresis" and may have contributed to the untypical plot of the heat transfer coefficient.
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